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'XH WR WKH JURZLQJ DZDUHQHVV RI HQYLURQPHQWDO
LPSOLFDWLRQVDQGWKHOHJDOOLPLWDWLRQRI&2HPLVVLRQVD
KLJKGHPDQGIRULQQRYDWLYHPDWHULDOVIRUWKHUHDOL]DWLRQ
RI OLJKWZHLJKW FRQVWUXFWLRQ FRQFHSWV LV REYLRXV )LEHU
UHLQIRUFHGSODVWLFV)53KDYHDKLJKSRWHQWLDO WRIXOILOO
WKHVH UHTXLUHPHQWV 7KHVH PDWHULDOV DUH XVHG LQ WKH






+RZHYHU WKH FRPSOHWHO\ GLIIHUHQW SURSHUWLHV RI
PDWUL[ PDWHULDO DQG ILEHUV OHDG WR FRPSOH[ K\EULG
PDWHULDO FKDUDFWHULVWLFV DQG JHQHUDWLQJ VLJQLILFDQW
FKDOOHQJHV UHJDUGLQJ VXEVHTXHQW SURFHVVLQJ VXFK DV
FXWWLQJRSHUDWLRQV&HQWUDO FKDUDFWHULVWLFVRI WKH FXWWLQJ






ZLWK GLIIHUHQW PHFKDQLFDO DQG WKHUPDO SURSHUWLHV >@
'HSHQGLQJRQWKHFXWWLQJSURFHVVXVHGLQDVSHFLDOFDVH
WKHGLIIHUHQWSURSHUWLHVFDXVHSUREOHPVVXFKDVWHDULQJRI
ILEHUV GHODPLQDWLRQ DQG SODVWLF GHIRUPDWLRQ LQ WKH FXW
]RQH>@)LJVKRZVWKHGLIIHUHQWGDPDJHPHFKDQLVPV
ZKLFK FDQ EH WKH UHVXOW RI ORDGV LQGXFHG E\ FXWWLQJ
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7KHVHGLIIHUHQWGDPDJHHIIHFWVQRUPDOO\GRQRWRFFXU
DW WKH VDPH WLPH DQG GHSHQG RQ WKH UHVSHFWLYH FXWWLQJ
PHWKRG ZKLFK LV XVHG >@ (VSHFLDOO\ FRQYHQWLRQDO
VKHDU FXWWLQJ LQGXFHVPDMRUGDPDJHV WR WKH FXW VXUIDFH
DQGWKHFXW]RQH
,Q >@ D IHDVLELOLW\ DQDO\VLV LV SUHVHQWHG IRU VKHDU
FXWWLQJ RI ELGLUHFWLRQDO FDUERQ IDEULF ZLWK DQ HSR[\
UHVLQ PDWUL[ ([SHULPHQWV ZLWK RSHQ DQG FORVHG VKHDU
FXWVHFWLRQVDQGGLIIHUHQWILEHURULHQWDWLRQVZHUHFDUULHG
RXW 7KH H[SHULPHQWV VKRZ WKDW WKH WRRO JHRPHWU\ DQG
WKH ILEHURULHQWDWLRQKDYH D VLJQLILFDQW LQIOXHQFHRQ WKH
FXW VXUIDFH TXDOLW\$FFHSWDEOH UHVXOWVZKLFKPHHW WKH
KLJKUHTXLUHPHQWVRILQGXVWULDODSSOLFDWLRQVFRXOGQRWEH
DFKLHYHGGXHWRWKHSRRUTXDOLW\RIWKHFXW]RQH>@7KH
DXWKRUV GR QRW SUHVHQW DQ LQGXVWULDO DSSOLFDWLRQ RI WKH
VKHDUFXWWLQJIRU)53PDWHULDOV
7KHFRQYHQWLRQDOFXWWLQJSURFHVVHVXVHGDVDVWDQGDUG
IRU WKH WULPPLQJ RI )53FRPSRQHQWV DUH ZDWHU MHW
FXWWLQJDQGPLOOLQJ:DWHUMHWFXWWLQJLVZLGHO\DSSOLHG
HVSHFLDOO\ LQ WKH DXWRPRWLYH LQGXVWU\ ,Q WKLV SURFHVV
ZDWHULVIRUFHGWKURXJKDQR]]OHDWKLJKSUHVVXUHRIXSWR
03DLQRUGHUWRXVHWKHNLQHWLFHQHUJ\DWWKHQR]]OH
RSHQLQJ WR FXW WKH FRPSRQHQW 7KLV SURFHVV FDQ EH
FDUULHG RXW ZLWK RU ZLWKRXW DEUDVLYH DGGLWLYHV >@
$GYDQWDJHV RI WKH FXWWLQJ SURFHVV DUH WKH ORZ WKHUPDO
ORDGV RQ WKH FRPSRQHQW DQG WKH ORZ XVDJH RI WR[LF
VXEVWDQFHV$GLVDGYDQWDJH LV WKHFRPSOH[ UHF\FOLQJRI
WKHDEUDVLYHPDWHULDOGXHWRLWVFRQWDPLQDWLRQZLWK)53
SDUWLFOHVIURPWKHFXWWLQJSURFHVV
)XUWKHUPRUH ZRUNSLHFH KDQGOLQJ LQ ZDWHU MHW
DSSOLFDWLRQV LV D FRPSOH[ WDVN WKDW UHTXLUHV WKH XVH RI
VSHFLILFKDQGOLQJHTXLSPHQW7KHPDLQDUJXPHQWDJDLQVW
WKHDSSOLFDWLRQRIZDWHUMHWFXWWLQJIRU)53SDUWVUHPDLQV













$QRWKHU FRPPRQ PHWKRG WR VHSDUDWH )53 SDUWV LV
PDFKLQLQJ VXFK DVPLOOLQJ >@ ,Q FRQWUDVW WRZDWHU MHW
FXWWLQJ KRZHYHU FRQYHQWLRQDOPDFKLQLQJ FDQ UHVXOW LQ
YHU\ KLJK WHPSHUDWXUHV LQ WKHZRUNLQJ DUHDZKLFK SXW
KLJK WKHUPRPHFKDQLFDO ORDGV RQ WKH ODPLQDWH
)XUWKHUPRUH KLJK PDFKLQLQJ ORDGV LQFUHDVH
GHODPLQDWLRQLQWKHFXW]RQH7KHUHOHDVHRIVPDOOVL]HG
SDUWLFOHV IURP WKH )53 LQWR WKH DLU SRVHV D VLJQLILFDQW
KHDOWK ULVN DV ZHOO )XUWKHUPRUH WKH WRRO ZHDU GXH WR
PHFKDQLFDO DEUDVLRQ IURP WKH FDUERQ ILEHUV KDV WR EH
WDNHQLQWRDFFRXQW
2QHDSSURDFK WRUHGXFH WKH WRROZHDURI WKHFXWWLQJ
]RQH LV FU\RJHQLF PLOOLQJ H[DPLQHG E\ .DKQ DQG
$KPHG $FFRUGLQJ WR WKH VLJQLILFDQW UHGXFWLRQ RI WKH
WRROZHDUGXULQJKLJKVSHHGFXWWLQJRIVWHHODOOR\VFDQEH
DFKLHYHGE\XVLQJOLTXLGQLWURJHQ>@
'XH WR WKH FU\RJHQLF WHPSHUDWXUH WKH UHVLQ PDWUL[
EHFRPHV EULWWOH ZKLFK UHGXFHV WKH GLIIHUHQFHV RI WKH
PHFKDQLFDOSURSHUWLHVEHWZHHQPDWUL[DQGILEHUV>@
$SSURDFKIRUVKHDUFXWWLQJRI)53PDWHULDOV
7KH FRQYHQWLRQDOO\ XVHG PHWKRGV IRU FXWWLQJ )53
PDWHULDOVVXFKDVZDWHU MHWFXWWLQJDQGPLOOLQJKDYH WKH
VDPH HFRQRPLF GLVDGYDQWDJH %RWK PHWKRGV KDYH WR
IROORZ WKH OHQJWK RI WKH HQWLUH VHFWLRQDO FRQWRXUV RI D
FRPSRQHQWZKLFK UHGXFHV WKHSURGXFWLYLW\GXH WR ORQJ
SURFHVV WLPHV ,Q FRQWUDVW WR WKHVH PHWKRGV WKH VKHDU
FXWWLQJ SURFHVV LV UHDOL]HG GXULQJ RQH VLQJOH SXQFK
VWURNHLQDYHU\VKRUWSURFHVVWLPH7KHUHDOL]DWLRQRID
VXLWDEOH VKHDU FXWWLQJ SURFHVV IRU )53PDWHULDOVZRXOG
RIIHU D KLJK SRWHQWLDO UHJDUGLQJ DQ LQFUHDVH RI WKH
SURGXFWLYLW\LQWKHPDVVSURGXFWLRQVHFWRU
7KH TXDOLW\ RI WKH FXW VXUIDFH KDV WR EH LPSURYHG
IXUWKHUEHIRUH LQGXVWU\ZLOO FRQVLGHU LW DVDFRPSHWLWLYH




7KH FXW VXUIDFH TXDOLW\ RI VKHDU FXWWLQJ VDPSOHV DW
ORZ D WHPSHUDWXUH GRZQ WR -F    & ZDV
H[SHULPHQWDOO\ LQYHVWLJDWHG )RU WKLV SXUSRVH WZR
FXWWLQJJHRPHWULHVZHUHH[DPLQHGDFORVHGFXWWLQJOLQH
GLDPHWHURIPPDVZHOODVDQRSHQFXWWLQJOLQHZLWK
D OHQJWK RI PP 7KUHH )53 VHPLILQLVKHG SURGXFWV
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7RFRROWKHODPLQDWHWKHGLHSODWHZLOOEHFRROHGZLWK
OLTXLG QLWURJHQ +HDW FRQGXFWLRQ LV XVHG WR FRRO WKH
FXWWLQJ]RQHLQWKHSDUW
3.1. Closed section cut 
7KHVHPLILQLVKHGSURGXFWVDPSOHVZHUHFXWDW URRP
WHPSHUDWXUH DQG DW-F    &ZLWK D FORVHG VHFWLRQ
WRRO$FLUFXODUSXQFKZLWKGLDPHWHURIPPDQG
PP FXWWLQJ JDS ZDV XVHG 7KH FXWWLQJ SURFHVV ZDV
UHDOLVHG LQ D SQHXPDWLFDOO\ RSHUDWHG SUHVV ZLWK D
PD[LPXPIRUFHRIN17KHVDPSOHVZHUHLPPHUVHG
IRU D IHZ PLQXWHV LQ OLTXLG QLWURJHQ WR HQVXUH D
KRPRJHQHRXVWHPSHUDWXUHLQVLGH7KHFXWWLQJVWDPSDQG
ULQJ ZHUH QRW VXEMHFWHG WR FRRO GRZQ 7KH KHDW
FRQGXFWDQFH LV WRR VPDOO WR FRRO WKH )53 VDPSOH
FRPSOHWHO\ /LNHSUHYLRXVO\SXEOLVKHGE\0DLU>@ WKH
























H[SRVHG DW WKH FXW FRXOG EH GHFUHDVHG VLJQLILFDQWO\ DV
GLVSOD\HG LQ )LJ  VKRZLQJ WKH VDPSOHV FXW DW
FU\RJHQLFWHPSHUDWXUH6DPSOHDVKRZVGHODPLQDWLRQDV
ZHOO GHVSLWH WKH DSSOLFDWLRQRI FU\RJHQLF WHPSHUDWXUHV
























3.2. Open section cut 
7KHRSHQ VHFWLRQ FXWZDV SHUIRUPHGZLWK D PP
FXWWLQJ JDS 7KH SURFHGXUH ZDV HTXLYDOHQW WR WKH WHVWV





7KH HQODUJHPHQW GLVSOD\V D ODFHUDWHG DQG
LQKRPRJHQHRXV FXW VXUIDFH 7KH PDUNHG SDUW VKRZV D
URYLQJZKLFKLVQRWFXWE\WKHEODGH,WLVFRPSDUDEOHWR




-F   & 7KH QXPEHU RI ILEHUV WKDW DUH WRUQ LV














GRZQ WR-F   & (VSHFLDOO\ WKH DPRXQW RI ILEHUV
WRUQ RXW FRXOG EH GHFUHDVHG 'HODPLQDWLRQ DURXQG WKH
FXW]RQHFRXOGQRWEHGHFUHDVHGE\FRROLQJWKHPDWHULDO
)RU WKLV NLQG RI GDPDJH WKH WRRO JHRPHWU\ DQG WKH
SURFHVVSDUDPHWHUVVKRXOGEHYDULHG
7KHVXUIDFHRI)53VDPSOHVFXWDWURRPWHPSHUDWXUH
LV YHU\ LQKRPRJHQHRXV DQG VKRZV DQ LQVXIILFLHQW
TXDOLW\ 7KH GXFWLOLW\ RI WKH PDWUL[ FRPSRQHQW FDXVHV
ILEHUH[SRVXUHDQGGHODPLQDWLRQRIWKHFRPSRXQG:LWK
WKH SUHVHQWHG SURFHGXUH XVLQJ D FU\RJHQLF WHPSHUDWXUH
OHYHO WKH IHDVLELOLW\ RI VKHDU FXWWLQJ ILEHU FRPSRVLWH
SURGXFWVLVVKRZQLQJHQHUDO+RZHYHUWKHUHDUHVHYHUDO
FKDOOHQJHV WKDW KDYH WR EHPHW LQ RUGHU WR LPSURYH WKH
FXW VXUIDFH TXDOLW\ DQG UHGXFH WKH GDPDJH WR WKH
FRPSRVLWHLQWKHFXW]RQH
)53 DUH LQKHUHQWO\ LQKRPRJHQHRXV ZLWK D GXFWLOH
PDWUL[DQGYHU\EULWWOHILOOHUILEHUV7KLVFKDUDFWHULVWLFLV
WKHPDLQ FDXVH RI WKH GLIIHUHQW GLVDGYDQWDJHRXV HIIHFWV
GXULQJ WKH FXWWLQJSURFHVV2QH UHDVRQDEOH DSSURDFK WR
LPSURYH WKH FXW TXDOLW\ UHGXFH GHODPLQDWLRQ DQG ILEHU
H[SRVXUH LV WKH HTXDOL]DWLRQ RI PDWHULDO SURSHUWLHV E\
DSSO\LQJ FU\RJHQLF WHPSHUDWXUHV :LWK GHFUHDVLQJ
WHPSHUDWXUHV WKHGXFWLOHPRYHPHQWRIPROHFXOHV LQ WKH
PDWUL[ PDWHULDO LV VLJQLILFDQWO\ UHGXFHG 7KHUHIRUH WKH
PDWUL[PDWHULDO EHKDYLRUEHFRPHVEULWWOH DQG VLPLODU WR
WKH UHLQIRUFLQJ ILEHUV 8QGHU FU\RJHQLF FRQGLWLRQV WKH
)53FRQVHTXHQWO\ VKRXOGGLVSOD\ DPRUHKRPRJHQHRXV
PDWHULDO EHKDYLRU DQG OHVV GDPDJH HIIHFWV LQ WKH FXW
]RQH
6XPPDU\DQG2XWORRN
'XH WR WKH XQLTXH PHFKDQLFDO SURSHUWLHV RI )53
SURGXFWVWKHSURFHVVLQJLVFKDOOHQJLQJDQGGHSHQGHQWRQ
VHYHUDO SDUDPHWHUV 6WDWH RI WKH DUW SURFHVVHV IRU
WULPPLQJ FXUHG )53 SDUWV DUH VWDEOH DQG SURGXFH
DFFHSWDEOHTXDOLWLHVEXW WKH\ LPSO\ ODUJHSURFHVV WLPHV
7ULPPLQJ SURFHVVHV OLNH ZDWHU MHW FXWWLQJ DQG PLOOLQJ
DUHGHSHQGHQWRQWKHOHQJWKRIWKHFXWWLQJFRQWRXU:LWK
VKHDU FXWWLQJ WKH SURFHVV WLPH FDQ EH VLJQLILFDQWO\
UHGXFHG ZKLFK LV HVSHFLDOO\ UHOHYDQW LQ WKH DXWRPRWLYH
LQGXVWU\ )RU WKLV FRQFHSW VWXG\ WKH IHDVLELOLW\ RI VKHDU
FXWWLQJ LQ FRPELQDWLRQ ZLWK FU\RJHQLF FRROLQJ ZDV
H[DPLQHG
:LWKLQ WKHVFRSHRI WKHILUVW WU\RXWV WKHFXWWLQJ OLQH
ZDV YDULHG WRR $Q LPSURYHPHQW UHJDUGLQJ WKH FXW
VXUIDFH FRXOG EH DFKLHYHG ZKLFK LV WKH EDVLF
SUHFRQGLWLRQ IRU IXUWKHU LQYHVWLJDWLRQV DQG
GHYHORSPHQWV
,QWKHIXWXUHRQHIRFXVVKRXOGEHWKHLQYHVWLJDWLRQRI
WKH WHFKQRORJLFDO SURFHVV SDUDPHWHUV UHJDUGLQJ WKH
TXDOLW\RI)53SDUWV,QIOXHQFLQJSDUDPHWHUVKDYHWREH
FODVVLILHGUHJDUGLQJFHUWDLQGDPDJHPHFKDQLVPVRI)53
7KLV NQRZOHGJH FDQ EH XVHG WR LQIOXHQFH WKH IUDFWXUH
EHKDYLRU V\VWHPDWLFDOO\ E\ YDU\LQJ WKH VWUHVV  VWUDLQ
OHYHOGXULQJWKHFXWWLQJSURFHGXUH
$QRWKHU LPSRUWDQW DVSHFW LV WKH )53 LWVHOI 7KH
TXDOLW\ LQ WKH FXW ]RQH GHSHQGV RQ WKH GLUHFWLRQ RI WKH
ILEHUV WKH LQWHUQDO VWUXFWXUH RI WKH ZHDYH DQG WKH
PDWHULDO VSHFLILFDWLRQV$OO RI WKHVHSDUDPHWHUV KDYH WR
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